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(57) An apparatus for cleaning exhaust gases of 
solid particles comprises a rotational combustion cham- 
ber (1). a swirler (2) and a soot collector (3) separated 
from one another by a separating cavity (7) and located 
on the same axis downstream the gas flow. A catalytic 
unit (4) for neutralizing harmful gaseous emissions is 
ananged coaxially inside the soot collector (3). The 
apparatus is provided with an inlet pipe (8) and an outlet 
pipe (9). The swirler is made in the form of an Impeller. 

The unit (4) for neutralizing harmful gaseous emis- 
sions is made in the form of a cylindrical body (5) com- 
prising longitudinal channels (6) with a catalytically 
active internal layer applied thereto. The longitudinal 
channels (6) have a curvilinear closed-type shape in 
their cross-section, and the catalytically active layer has 
the same thickness over the entire internal surface of 
the longitudinal channels (6), which thickness Is uniform 
both over the cross-section of the unit (4) and through- 
out its length. 

A method fa the manufacture of the unit (4) is 
based upon obtaining a catalytically active layer on the 
basis of modified alumina on the surface of a carrier. 
The catalytic layer is applied by a flame spraying to a flat 
metallic band carrier. Catalytically inactive substances 
are used as Initial material for flame spraying. Longitudi- 
nal channels (6) are formed by corrugating the carrier 
across its length after the catalytically active layer Is 



applied to it. The band is rolled in parallel with the corru- 
gations so that the catalytically active layer is placed 
inside the channels (6). Air or other mixture containing 
oxygen is used as a gas to form plasma during spraying. 
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Description 

Field of the Invention 

The invention relates to the field of engineering s 
industry and more particularly, automotive industry, and 
namely: to exhaust apparatus provided with means for 
cleaning exhaust gases of solid particles, for instance, 
soot. 

10 

State of Prior Art 

The state of prior art is featured by the following 
apparatus. 

Mercedes-Benz apparatus are known to be used is 
for retaining solid particles ("Prospects for Saving 
Energy and Ecological Influence of Internal Combustion 
Engines". Express- Information. Issue "Ecological Prob- 
lems on Transport" No. 32, 1992, pp.24-25, Fig. 12). 
These apparatus are made in the form of special fitters 2o 
in which a winding of ceramic filaments or porous walls 
retain solid particles. Such filters allow to ensure a sub- 
stantial vehicle run (up to 100 km) without burning the 
particles that have clogged the filter. Subsequently the 
filter, when clogged up. undergoes regeneration or is 25 
thrown away. 

An apparatus is known to be used for afterburning 
of solid particles contained in exhaust gases of an inter- 
nal combustion engine (DE, C, 3734197, 1989). This 
apparatus comprises a rotational combustion chamber 3o 
in which a catalytic afterburning apparatus (filter) is 
installed to separate the combustion chamber into a 
space upstream the filter and a space downstream the 
filter. Upstream the combustion chamber an igniter is 
counted that is connected thereto through a tangentially 35 
located hole. The catalytic unit is made of a ceramic 
monolyth with axial through-holes. This apparatus of 
prior art knowledge allows to clean exhaust gases of 
solid particles. 

A method is known to be used for producing a cat- 40 
alyst for cleaning exhaust gases (JP, B 3-34367, 

22.05.91) . 

According to this method for applying coatings, a 
liquid composition is obtained from an activated alumina 
powder, cerium, powdered ceria. and zirconium. The 45 
composition thus obtained is applied to the surface of a 
monolyth base of carrier, whereupon a catalytic compo- 
nent of noble metal is applied thereto. 

A method is known to be used for producing a cat- 
alyst for cleaning exhaust gases (JP, A, 2-17943, so 

22.01.92) . According to this method, a suspension is 
prepared from a powdered mixture of vanadium oxide 
and alumina in a predetermined proportion according to 
prescribed technology Then a carrier is submerged into 
the suspension thus prepared, whereupon it is dried up ss 
and calcinated in order to form an oxide surface layer on 

it. and after this a catalytically active metal - platinum, 
rhodium and/or palladium - is precipitated on the carrier 
thus coated. 



A method is also known to be used for the manufac- 
ture of catalytic units for neutralizing harmful gases (EP. 
A 0203525, 22.05.1986). According to this method, a 
catalytic composition containing alumina and ceria is 
applied to a monolyth honeycombed carrier by precipi- 
tation, "me composition is produced by impregnating a 
water insoluble cerium compound with at least one sub- 
stance of the group consisting of water soluble alumi- 
num compounds and alimina hydrates, and by 
calcinating the impregnation product followed by apply- 
ing thereto at least one noble metal of the group consist- 
ing of platinum, palladium and rhodium. 

The known methods allow to produce a carrier hav- 
ing a large free surface of over 100 m^/g, thus ensuring 
high catalytic activity of such carriers. 

DISCLOSURE OF THE INVENTION 

The Applicant challenges the problem of creating a 
cleaning system which, simultaneously with cleaning 
exhaust gases of solid particles, such as soot, would 
ensure neutralizing harmful gaseous emissions in order 
to improve ecology of the air atmosphere. Also, the neu- 
tralizing unit of such a system must, in the process of 
oxidizing soot particles, produce a reducing gas which 
neutralizes ecologically harmful nitrogen oxides. 
Besides, the catalytically active layer of the neutralizing 
unit must have high adhesive strength at relatively inex- 
pensive production of such a unit. 

This problem is solved owing to that the apparatus 
for cleaning exhaust gases of solid particles, comprising 
a rotational combustion chamber and a catalytic unit 
arranged therein, further comprises a swirl er and a soot 
collector separated from one another by a cylindrical 
separating cavity and located on the same axis down- 
stream the gas flow, and a catalytic unit for neutralizing 
harmful gaseous emissions is arranged coaxial ly inside 
the soot collector. The swirler is made in the form of an 
impeller with an angle of incidence within 25 to 55 
degrees. 

The problem thus posed is also solved owing to that 
the unit for neutralizing harmful gaseous emissions for 
the apparatus for cleaning exhaust gases of solid parti- 
cles is made in the form of a cylindrical body comprising 
longitudinal channels with a catalytically active internal 
layer applied thereto. The longitudinal channels have 
therewith also a dn^ilinear closed-type shape in their 
sross-section, and the catalytically active layer has the 
same thickness over the entire internal surface of the 
longitudinal channels, which thickness is uniform both 
over the aoss-section of the unit and throughout the 
length thereof. 

The problem thus posed is also solved by a method 
for the manufacture of the unit for neutralizing harmful 
gaseous emissions. In which on the carrier surface a 
catalytically active layer is obtained on the basis of mod- 
ified alumina, said catalytically active layer being 
applied by flame spraying to a flat metallic band carrier. 
Catalytically inactive substances are used as initial 
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material for flame spraying. Then, longitudinal channels 
are formed by corrugating the flat band carrier across its 
length, the carrier is rolled in parallel with its corruga- 
tions while picing a catalytically active layer inside the 
channels. Air or other mixture containing oxygen is used 
as a gas to form plasma during spraying. 

The positive effect consists in that the invention 
allows not only separate solid particles (for instance, 
those of soot), precipitating some of them (that are of 
large size) and afterburning automatically the smaller 
particles in the catalytic unit, but also carry out the after- 
burning (oxidation) of soot particles to an intermediate 
stage: producing carbon monoxide which is an efficient 
reducing agent for nitrogen oxides, and this allows in the 
final analysis not only to clean exhaust gases of solid 
particles, but also to neutralize harmful gaseous eniis- 
sions. 

The invention allows also not only to ensure that the 
chemical processes of neutralizing harmful gaseous 
emissions proceed most completely, as enabled also by 
catalytic units manufactured using familiar methods, but 
also to manufacture such a unit that features a high 
adhesive strength of its catalytic layer in a streamlined 
and, hence, inexpensive production procedure. 

Actually, flame spraying of a catalytically active 
layer allows to ensure interdiffusion of the carrier mate- 
rial under unbalanced conditions into alumina so that, 
as a result, there is an increase in the adhesive strength 
of the carrier thus produced, when it is uaed in engines 
at a tennperature of up to 900°C, as well as under condi- 
tions of impacts, thermal shocks, vibration, intensive 
gas erosion and corrosion. In addition to this, owing to a 
high-rate forced application of the catalytic layer to the 
basic carrier - a factor which also contributes to an 
increase in the adhesive strength - it is ensured that a 
uniform coating both in its chemical composition and its 
thickness is thus produced, whereas if familiar methods 
are used, the catalytic layer is deposited on the surface 
of the carrier unevenly as far as its thickness and chem- 
ical composition are concerned. Together with this, in 
the familiar methods it is very difficult to obtain a layer of 
a required thickness: impregnation of the carrier by sub- 
mersion or in a solution, its drying, then again submer- 
sion and so on. up to 20-30 repeated operations, which 
is not a good manufacturing practice since this leads to 
a higher labor content and. hence, to making the proc- 
ess too expensive. Production of a catalytically active 
composition on the basis of thermodynamically unbal- 
anced alumina of v-modification from a catalytically 
inactive corrposition, according to the invention, in a 
plasma jet allows to improve activity of the catalytic layer 
due to the fact that the active composition is formed 
under unbalanced conditions in the immediate vicinity of 
the carrier. 

The method now claimed also does not require the 
use of metallic carriers with a high content of aluminum 
in a solid solution (up to 5%), which (the carriers) are 
not suitable for streamlined production and. hence, are 
expensive. In addition to this, the method now claimed 



does not require to carry out complicated technological 
operations connected with adding insoluble compo- 
nents, such as vanadium oxide, ceria, etc.. to the carrier 
composition, as usually is made in order to improve cat- 

5 alytic activity, thermal stability and resistance to poison- 
ing of catalysts. In the method now claimed, these 
components can be readily added in the form of ther- 
mally decomposable compounds to a catalytically inac- 
tive composition. 

10 The invention now claimed allows to corrugate a 
coated band with a very small curvature radius, and this 
also allows to improve catalytic activity, whereas the 
prior art methods for applying a catalytic layer by depo- 
sition do not allow to apply a layer without a risk of clog- 

15 ging the longitudinal channels of the unit. 

BRIEF DESCRIPTION OF THE DRAWING 

The claimed invention will now be described in 
20 more detail with reference to the accompanying drawing 
which shows schematically the apparatus now claimed 
(in a longitudinal section view). 

THE BEST EMBODIMENT OF THE INVENTION 

25 

The apparatus can be realized in the following man- 
ner. The apparatus comprises a rotational combustion 
chamber 1 inside which in its cylindrical portion a swirler 

2 is disposed that is made in the form of an impeller with 
30 an angle of incidence of 45 degrees. In the outlet por- 
tion of the combustion chamber 1 a soot collector 3 is 
disposed inside which a catalytic unit 4 for neutralizing 
harmful emissions is coaxially arranged. The catalytic 
unit 4 is essentially a metallic body 5 inside which longi- 

35 tudinal channels 6 are made to extend tiieretiirough. A 
catalytic ceramic layer is applied to the surfaces of the 
channels 6. Between the swirler 2 and tiie soot collector 

3 there is a cylindrical separating cavity 7. The combus- 
tion chamber 1 is provided with an inlet pipe 8 and an 

40 outlet pipe 9. The soot collector 3 is made of alloyed 
steel and "hard waste" of thin metallic wire. The unit 4 is 
made of high-tenrperature steel. The channels 6 of the 
unit 4 have a diameter of 1.5 to 2.0 mm, their length is 
90 mm, the ceramic catalytic layer of the coating is 20 to 

45 to 30 microns thick, and the free surface of the catalytic 
layer amounts to 50-60 m^/g. 

The composition of the coating in percent by weight 
is as follows: copper oxide - 3%. chromium oxide - 2%, 
nickel oxide - 1%, cot>alt oxide - 0.5%, total content of 

50 rare-earth metal oxides - 1 .5%, the balance • alumina of 
gamma modification. 

The apparatus with the unit 4 operates as follows. 
The effluent gas loaded with solid particles of soot flows 
to tiie rotational combustion chamber 1 through the inlet 

55 pipe 8 and. while passing tiirough tiie swirler 2. gets 
swirled. In tiie cylindrical separating cavity 7 tiie solid 
particles are separated by weight. Heavier (larger) par- 
ticles enter the peripheral region of the cavity 7. then 
tiiey are trapped by the soot collector 3 and fall down to 
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its bottom portion, wherefrom they are periodically 
removed in a mechanical way Smaller particles enter 
the catalytic unit 4 for neutralizing harmful gaseous 
emissions. There, the particles pass through the longi- 
tudinal channels 6 extending therethrough and come in 5 
contact with the catalytic ceramic layer. As this takes 
place, carbon of the soot particles is oxidized to carbon 
monoxide, and this is ensured, on one hand, by the 
chemical and phase composition of the catalytic layer 
and, on the other hand, by that the channels 6 are long 
enough. The gases cleaned of solid particles are emit- 
ted through the outlet pipe 9. 

Experimentally, it has been found out that making 
the swirler 2 to have an angle of incidence within the 
range of 25 to 55 degrees ensures an optimum frac- is 
tional separation of the soot particles so that the cata- 
lytic unit 4 for neutralizing gaseous emissions receives 
the particles of only that size at which the oxidation of 
carbon to carbon monoxide takes place on the catalytic 
layer of the channels 6. 20 

The apparatus now claimed was tested. A diesel 
engine was used as a source of effluent gases. As a 
result, it has been found out that soot particles and car- 
bon monoxide are completely absent from exhaust 
gases after they pass the apparatus (in the outlet pipe 25 
9). whereas the concentration of nitrogen oxides 
reduces from 40 g/kW-hr to 8 g/kW-hr 

The method now claimed can be realized, for 
instance, as follows. Flame spraying of a catalytically 
active layer has been carried out in the manufacture of 30 
catalytic units for outfitting the neutralizing system for 
harmful gaseous emissions from a *Tavria" car. 

Spraying has been carried out in the open air with 
the use of a plasma generator (Petrov G. K. "Properties 
and Characteristics of Wear- Resistant Sprayed and 35 
Heat-Treated Air-Plasma Coatings" in the book: "Gas 
Thermal Spraying in Industry", Saint-Petersburg, 1993, 
pp. 92-94). Used as a metal carrier has been foil of heat- 
resistant chromium-aluminum steel with the following 
parameters: width - 90 mm, and thickness - about 40 4o 
microns. A piece of band about 5 m long has been 
wound in spiral around a steel drum having a diameter 
of 300 mm and secured to it. then spraying has been 
been carried out with the drum being simultaneously 
rotated at a speed of 60 rpm, while a carriage has been 45 
moved together with the plasma generator mounted on 
it along the drum axis at a rate of 180 mm/min. 

The method has been also tried with the following 
initial composition: 

so 

aluminum - 8%, aluminum hydroxide: gibbsite - 
33%, bemite - 52%, canadium carbonate - 2%, chr- 
omous carbonate - 2%, nickel carbonate - 1%, 
cobalt carbonate - 0.5% cerium carbonate 0.5%, 
lanthanum carbonate - 0.5%, yttrium cartwnate - 55 
0.5% 

Spraying conditions: voltage 220 V, cun-ent 160 A, 
plasma-forming gas (air) feed rate 3 m/s. 



As a result of carrying out the spraying process, a 
catalytic coating has been made that has a thickness of 
20 microns and the following chemical conposition: 

alumina of y-modrfication - about 92% 

total of vanadium, chromous, nickel, cobalt, cerium, 

yttrium and lanthanum oxides - about 8 %. 

After spraying, the metallic band with the catalytic 
coating has been corrugated across the band length so 
that the bending radius is 1.2 mm, and the units have 
been rolled of them in parallel with the corrugations, 
with the catalytically active layer facing inside the chan- 
nels. The diameter of these units is 40 mm. 

INDUSTRIAL APPLICABILITY 

The invention may find application in autonrotive 
industry when designing internal combustion engines, 
including diesel engines, and namely: in systems for 
neutralizing harmful components of gaseous emissions. 
An apparatus with a neutralizing unit is advisable also to 
be used in modernizing an exhaust system of automo- 
tive vehicles. It can be built-in between the engine and 
the silencer. In this case, the apparatus now claimed 
can perform the functions of the silencer. 

The unit for neutralizing harmful gaseous emissions 
and the method for its manufacture may find application 
in power plant industry when designing stationary and 
movable diesel power plants and gas turbines, steam 
boilers of various types; in shipbuilding • when design- 
ing ship power plants, in city facilities when designing 
devices for burning city waste in furnaces for burning 
solid waste and in cyclone reactors for burning city sew- 
age sludge, when designing furnaces for burning indus- 
trial waste, i.e.. in tiiose cases when it is necessary to 
protect the environment against harmful gaseous emis- 
sions. 

Claims 

1. An apparatus for cleaning exhaust gases of solid 
particles, said apparatus conprising a rotational 
combustion chamber (1) with a a catalytic unit (4) 
arranged therein, characterized in tiiat said appa- 
ratus further comprises a swirler (2) and a soot col- 
lector (3) separated from one another by a 
cylindrical separating cavity (7) and located on the 
same axis downstream the gas flow, and the cata- 
lytic unit (4) for neutralizing harmful gaseous emis- 
sions is arranged coaxially inside the soot collector 
(3), wherein the swirler is made in tiie form of an 
impeller with an angle of incidence within 25 to 55 
degrees. 

2. A unit (4) for neutralizing harnrrful gaseous emis- 
sions for the apparatus according to Claim 1. said 
unit being made in tiie form of a cylindrical body (5) 
comprising longitudinal channels (6) with a catatyti- 
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cally active internal layer, characterized in that 
said longitudinal channels (6) have a curvilinear 
closed-type shape in the cross-section thereof, and 
the catalytlcally active layer has the same thickness 
over the entire internal surface of said longitudinal 5 
channels (6), which thickness is uniform both over 
the cross-section of the unit (4) and throughout the 
length thereof. 

3. A method for the manufacture of the unit (4) accord- to 
ing to Claim 2, said method consisting in obtaining 
a catalytlcally active layer on the carrier surface, 
said layer consisting basically of modified alumina, 
characterized in that said catalytlcally active layer 
is applied by flame spraying to a flat metallic band 75 
carrier, wherein catalytically inactive substances 
are used as initial material for flame spraying, then 
longitudinal channels (6) are formed by corrugating 
the flat band carrier across the length thereof, the 
carrier Is rolled in parallel with the corrugations 20 
thereof while placing said catalytlcally active layer 
inside the channels (6), whereas air or other mix- 
ture containing oxygen is used as a gas to form 
plasma during spraying. 



30 



35 



40 



so 



55 



6 

BNSOOCID: <EP 0741236At J„> 



EP 0 741 236 A1 




BNSDOCID; <EP 0741236A1_I_> 



EP0 741 236 A1 



INTERNATIONAL SEARCH REPORT 



Intenauoiul tpplicaliaii No. 

PCT/RU 94/00302 



A. CLASSIFICATION OF SUBJECT MATIER 

Int. CI. ^ : F01N 3/02, 3/28 

According to Imenatiooal Patent Qmification HPO Of to both miionai dastiftcatton and IPC 



B. FTHJ>S SEARCHED 



Mtsimuoi docaimcauDOo vearciKd (dusificitioo system followed by dasaiflcitioo symbols) 



Docttmeatauoo seitciied otiicr duo miDimimi documciuilioo (o Ibe txteox chat sticb doauneau are itiduded io the fields aearebed 



Becmiuc dau base cotmUted dithog tt»e toierssnoDai aesrcii (natDC o£ dau base aod, where ptaoiciblc. search tenna laed) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of doniinmt, with indkatioo. where sppropnate. of the relevam passages 



Relevant to claim No. 



A 

A 
A 
Y 



EP, A2. 0152623 (ROBERT BOSCH GNBH). 28 August 

1985 (28.08.85), the abstract 
US, A, 3964875 (CORNING GLASS WORKS). 22 June 

1976 (22.06.76), columns 1,2 
US, A, 4253992 (KGK INSULATORS, LTD), 3 May 1981, 

the abstract • . 
GB, A, 1146736 (ENGELHARD MINERALS AND CHEMICALS 

CORPORATION). 26 March 1959 (26.03.69), 

pages 1.6, figs. 3-6 

FR. A2 2265448 (UNITED KINGDOM ATOMIC ENERGY 

AUTHORITY), 24 October 1975 (24.10.75), page 13 

DE, A1, 2924592 (SUDDEUTSCHE KUHLERFABRIK JULIUS 
FR. BEHR GMBH & CO KG), 15 January 1981 
(15.01.81), the claims, figs. 1,2 

GB A, 1491205 (UNITED KINGDOM ATOMI ENERGY 
AUTHORITY), 9 November 1977 (09.11.77) 



1 

1.2 

2 

3 

3 
3 



ric] Further documents are listed in the continaaiion of Box C Q See patent family annex. 



later Oocucai puMtshcO atier tbe laienaooaa) Gliac dataorortoniy 
dale a^ ao( ta oooOia wita ttte applMsuae but cuBd 
tta pnacifte •* tk*offy mdefftytag tbe tavcatiea 



ti o( ^ntcular televasce: the claimed inveaiiea caaaei be 
Ed sovel or caaaot be ooasiOered lo lovoWe aa laveanvc 



• Spcoal ciicfones of atad do r w ie l i i 

"A" dooimcai defiaiag tbe aeaeiai miaoi the ert wbicb is aoi coa ff i rtn a rt 

to be ot parecaur rdcvaace 
**£" eariierdoouoeatbmpaUishcdoaorafiertbciaieraatMiBalGbaf dale 

"L" dooumeat which but throw dombts oa pnonnr etaioKs) or which is 
ated ID tftiblisb tbe pablicsuoa dale of awifeer otsuoa or otber 

specul te»oB i ax seeoTied) doomeat of panicaiaf ickvasoe: tbe clataed towaisoa aaaoi be 

^„ ^ , ^.^ „ «fciK««,. » Mh** coosidoed lo lavoivc aa lemtive siep wbca the 

"O" docuoacat refemag lo aa oral dtfdome. »e. cxfcitetioa or eibcr combiaed wits ooe or more otber aucb 

meau 

"P" doewmeet DtiUisted pnor to ibe taierBatioiul filiog dale but later tbaa 
tbe pnontv dau cUimed 



bctog obwtoia u a persoa shillcd ta the an 
~k " docnmeat neaiber of tbe same pauat taaiily 



Date of the actual compleuon of the inicnuuonal search 

21 March 1995 (21.03.95) 



Date of mailing of the interna uoiul search repon 

5 April 1995 (05.04.95) 



Name ana mailing aooress ot the ISA/ 

RU 

Facsimile No. 



Aumonzed officer 



Telephone No. 



Form PCTASA/210 (second sheet) (July 1992) 



8 



BNSDOCID: <EP 0741236A1J.> 



